Collective fermionic excitations in systems with a large chemical potential by Blaizot, Jean-Paul & Ollitrault, Jean-Yves
Collective fermionic excitations in systems with a large
chemical potential
Jean-Paul Blaizot, Jean-Yves Ollitrault
To cite this version:
Jean-Paul Blaizot, Jean-Yves Ollitrault. Collective fermionic excitations in systems with a




Submitted on 30 Aug 2007
HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.
L’archive ouverte pluridisciplinaire HAL, est
destine´e au de´poˆt et a` la diffusion de documents
scientifiques de niveau recherche, publie´s ou non,
e´manant des e´tablissements d’enseignement et de
recherche franc¸ais ou e´trangers, des laboratoires
publics ou prive´s.
  	






 "!  #  $ 





































































































































































$f=ﬁﬃﬂ $!"#% &)(]J #ﬁ30=,2ﬁ3)!$",9ﬂM8.ﬃyA;+:@+82&6ﬁxO6!S36A;#D3)8.82w36$fﬂ4+%-,<ﬂ+3)8@ﬁ&6$+/c",93ﬃ8;,<!43ﬃ,9ﬀﬃAFE











































 7ﬀ ﬃﬁ _














































































































































































































































































































































3ﬃ!",./ﬁA;v/ﬁA;+/c>&ﬃ(5+/R+!"O0w3)/DA%-&0%-+/c"#% 3)/ﬁA!"&cAc#ﬁﬂ p=,.%p8.w_3_ﬂ &0/ﬁ=S3)/c=,¥(*7,./








,2O6/&0!"I"Rﬃ=ﬂ &0/ﬁ=S3)/cKﬂ &6/c"!$,.u#R",.&0/ﬁ XKHYZV/"#ﬁ=#D3)8y"!"`3)"%p+/;5&ﬃ(	"Rr/&0/;B[!$+893ﬃ",2:;,<=",<ﬂ




































































































































































































































! BY,./c"O6!43ﬃ",2&6/\+1c"/ﬁAG$&"p!"+O0,.&6/ &)(q=&)(*%-&6%p+/;S3 (*&6!
m
,9ﬂ4\$_3)R!"&ﬃ1c,.%_3ﬃ",.&0/
































































































































3zﬁ&"=,2u8.}ﬂ4ﬁ3ﬃ/O6,./ $+,2!-J@#ﬁ3)/c"#R% /c#%uﬁ+!4MX§¦&6!+13ﬃ%-82@E3ﬁ3ﬃ!4A +82ﬃﬂ "!$&6/ ﬂ+3)/














































































































































































,<+:@+/,./ NfEf3)/DA ,24-ﬀ&68.#R",.&0/ﬁ-ﬂ &0%-P,2/§ﬁ3),2!4
m
,2"§&0ﬁ&@=,2" =,2O6/ﬁMX c#ﬁ E5,2/§"
#82"!S3)!"893)$,.:c,9ﬀ",9ﬂI8.,2%-,.E$+!"_,<I3)/§3ﬃﬁ3ﬃ!"+/cIﬁ3)!$",<ﬂ 8. BV3)/c",2ﬁ3)!$",<ﬂ 8.p=wc%-%-+$!"wP(*&0!I"



































































































































































































































































































































































































































































































































































$78.,2/ﬃ	ﬂ &0!"!"`=ﬁ&6/ﬁA"&I"R>%-&0%-+/c"#% 3ﬃ/ﬁA"R7+/+!$O6wI&ﬃ(y"Kﬀ,./O08.fﬁ3)!$",<ﬂ 8.N=S3)"N"&
m

































































































































































































































































ﬀﬃ3G&ﬃ(y+8.ﬃﬂM"!"&0/ﬁ Xyzq=ﬁ3ﬃ8.8F!$ (*+!$&I"Nﬂ &0/;$,./c##% &)(ﬀ43ﬃ"ﬃ	,./c"&
m
R,9ﬂ4-3Kv&=,2"!"&0/ﬂ+3)/
























ﬀ&6%-&)(t"fﬀ43ﬃ"ﬃ	3+:03),.8<3)u82(*&0!"fAcﬃﬂ+3+wK,./r(*!"5=D36ﬂ @E0uv`ﬂ+3)#ﬁﬀ5&)(" 3)#82,!$,./ﬁﬂ ,28.



















































,.828uﬁK!" (*+!$!"ﬃAI"&^36$>8.ﬃﬂ $!"&0/;B[R&6$&6/ﬂ &6/c",2/;#R#%XxZ[
ﬂ &0!"!$ﬃ=ﬁ&6/DA>"&I!$+O6,2&6/ H[Z"Q,2/P¦y,.OX ;X
ºº

























ﬂ &0!"!$ﬃﬂ ",2&6/ﬁK,9Kv!"ﬁ3ﬃﬁruﬁﬃ=#/ﬁA;+!S=$&@&cA ucw}ﬂ &6/ﬁﬀ,9A;!",./ROP"R+/R+!"O0w\ﬀ,(*&)(N3Pﬀ,./O08.
ﬁ3ﬃ!"$,9ﬂ 82Pﬀ43ﬃ"_&6uS3),2/ﬃA ,2/=ﬃﬂ &0/ﬁA &0!4A;!Iv!""#R!"uﬁ3ﬃ",.&0/ $+&6!$w@X,9r,< &0u43ﬃ,./ﬃA\ucw















































































!$+!"`=+/c4f3-ﬂ &0!"!"`ﬂ ",2&6/P$&-"RI"+/+!$O6w_&)("RI¦+!"%p,y=ﬃ3cEF43ﬃL;,2/O,2/;$&_36ﬂﬂ &6#/cf"











































Q4Ec893ﬃuv8.8.`A-H ,.,*Q4XZV/pﬂ &0/;$!436ﬀ$&H*, Q3)/DA
H*,.,.,*Q
m
+!$:036ﬂ #R#% ﬂ &0/;$!",2u#",2&6/ﬁx+1c8.,<ﬂ ,.$8.wf+/c"+!E+",<"+!$%nﬁ30¡/R&Kﬂ &6#R/;$+!"ﬁ3ﬃ!"y,./"








































































$¦D!"%-,ﬁ%-&0%-+/c"#% !" ﬁ`ﬂ 4ME=,2%-,.8<3)!$8.wr$&$Kﬂ+30=^A;,9$ﬂ #ﬁ"ﬀﬃA_3)uﬁ&ﬃ:@@E3I%-&cA;,

ﬂ+3ﬃ",.&0/





Z[/§"#8.$!43ﬃ!"+8<3)",2:;,<=$,9ﬂ82,.%-,2+E"RP&08. BY&0"&6/ ﬂM&6/c",./c##% ,< +/c",2!"+82w\ﬂM&6/c43),2/ﬃA








































































































































¦+!$%-,	=`3Pﬂ &0/;$!",.uR#"I$&P"R-&682 BY&6$&6/ﬂ &0/;$,./c##%E
m
R,.8.I&0/8.w 3!$ﬃ=$!",<ﬂ "ﬃAPRﬁ36ﬀ





























































`3)LAR3)%-,2/O&)(5$J@#ﬁ36ﬀ,.ﬁ3ﬃ!"",<ﬂ 8.` XKﬃﬂ+3ﬃ#ﬁ=&)(¤"+%Ev$J #D36=,2ﬁ3)!$",<ﬂ 8.+/+!$O6,.`
















































































































$(Y30ﬂ $ﬁ3)?3zu!43ﬃ/ﬁﬂ4 &)(q"=ﬁﬃﬂ $!"#% 8.,2ﬃr,./D=,9Ac3}ﬂ &6/c",2/;##R% &)(^=S3)$ﬃ,.%p8.,2ﬃ






























































   ﬀﬁ   "  ﬂ























































ﬀw;%-%p+"!$w+%p+!"O0ﬃ>3ﬃK893)!$O6Ey367,<73)82!"ﬃ30A;w}3)D3)!"/;7,2/\¦y,.O@MX PH*"r(*#R/ﬁﬂ ",2&6/ o 
K

























































































!"I"RI=wc%uv&08  ,2/P(*!"&0/;7&ﬃ(",./c"+O0!43)8y,./DA;,9ﬂ+3ﬃ"ﬃ5"D3)7$I!",2/ﬁﬂ ,2ﬁ3)8y:03)8.#Rr,9f"&



















































































5 ,9-A;"+!$%-,./`Azu;w$&682 BY&6$&6/ ﬂ &6/c",2/;#R#%E	"&
m
,<ﬂC 3)8287+8.`ﬂ "!$&6/ﬁI,./"


































































   ﬀﬁ  ﬁ   "  ﬂ
	   %$ 








ﬁ3ﬃ!"S>3ﬃ/ﬁA$K:630ﬂ ##% ﬂ &6/c"!$,.u#$,.&0/FQ
N
D






















































































































$ﬃ=N8.&04 E,2/ﬁA;,<ﬂ+3)$,./O"ﬁ3ﬃf=,./RO68.Nﬁ3)!$",9ﬂM8.N=43ﬃ"ﬃ53ﬃ!"=R,(*"`A (*!"&0% ",.!	#/ﬁ+!$"#!$uv`A



















$(Y36ﬂ y"D3)	%-&@ﬀD3)!"$,9ﬂ 82ﬃF&)(t$f¦+!"%-,=ﬃ3fﬁ3)!$",9ﬂM,.ﬁ3ﬃ"53ﬃ/ﬁA=#O0O6ﬃﬀ",./RO7"fﬂM&68.82ﬃﬂ $,.:@
ﬂ4ﬁ3)!S36ﬂ $+!	&)("NJ #D36=,2ﬁ3)!$",<ﬂ 8.ﬃMX}f=ﬁ3ﬃ8.8ﬁ/&
m
ﬂ &0%-8."	",<,9ﬂ $#!"5ucwI!$ﬃ=+/c",2/OK3ﬃ/
+1c82,9ﬂ ,2ﬂ3)89ﬂM#893ﬃ",.&0/_&)("J@#ﬁ3)/c"#% =43ﬃ"ﬃfﬂ &0!"!"`=ﬁ&6/ﬁAc,./O"&"J@#ﬁ36ﬀ,.ﬁ3ﬃ!"$,9ﬂ 82ﬃ X
 &( ﬃﬃf '	"  ﬃ>! "K kﬂ ﬃxC"GCﬃ
Z[/_",<ﬀﬃﬂ ",2&6/
m





























































































































































































































































































































































































































































































































































































































































































































































































































































































































































 S U HYa  S U Q









































































































































































































































































,."§&0ﬁ&@ﬀ,."}ﬂ4,2!43)82,.ﬀwﬂ &0/;$!",2u#",./"ﬂ &6#R8.,./RO\"&3 "ﬂ+3ﬃ893)!

+89AtX

























































































































Q4Ef" =#Ruﬁ"ﬂ !$,.!bH !$ﬃ=xX
D




,9_3 /&0!"%_3ﬃ8.,2ﬃ3)$,.&6/ ﬂM&6/ﬁﬀ43)/c+X}/&6!$% &)("R\ﬀ43)$ﬃ_ﬂ+3)/ uv ﬂ+3ﬃ89ﬂ #8<3)$ﬃA
A;,2!"ﬃﬂM"8.w(*!"&0% 	JvX2H ¢


















































































































































































E ,</&0/Iv!""#R!"uﬁ3ﬃ",.:@X  P&@ﬀ&)(t$5+8.`ﬂ "!$&6/ﬁx,./I$f¦+!"%-,cﬀﬃ3
ﬂ &0/;$!",2u#"5$&K",<+/R&6%-+/R&6/xE@3ﬃ/ﬁAI,./ﬁA;ﬃAr"fﬀ"!$#ﬁﬂ "#R!"f&)(t"N=S3)$ﬃ"#ﬁ=	Acﬃ"ﬂ !$,.uﬁﬃA
ﬁ30o%?3)/cw (*ﬃ3ﬃ"#!$ﬃ&)(ﬂ &6828.ﬃﬂ $,.:@5+1Rﬂ ,243)$,.&0/ﬁ,./-%?3)/cwuﬁ&cA;w=wR="%_ X
}/&
m






































































































































































































































































































































































































































{$,./ﬁA;#Dﬂ ﬃA|ﬂ &6/c"!$,.u#R",.&0/_ﬂ &0%-,./OK(*!"&0% $K&682 BY&6$&6/ﬂ &6%-ﬁ&0/+/c&)(¡"=S3)$ﬃGH*¢

Q4X
























ﬀ,.%-R8.w_!" Dﬃﬂ 4f"r(Y30ﬂ K"ﬁ3ﬃG$pﬂ &6!$!"ﬃﬀv&0/ﬁA;,2/OPuﬁ3ﬃ!"Iﬁ3ﬃ!"$,9ﬂ 82I,9



































,.O6c7&ﬃ($I&08. BY&0"&6/ ﬂ &0%-ﬁ&6/+/c7,2/ﬁﬂ !"`36=`o#/c",28,2Kﬂ &0%-8."+82w
































































































































































































































































































































































































































































































































































































































































































































































































































































































Kﬁ3+:@7#ﬁﬀﬃA-"7(Y30ﬂ 5"ﬁ3ﬃ  
D
º 
r(*&6!  N   dﬁQ4Eﬁ3)/DA






































EF"RI!"&0u8.+% !"ﬃAc#ﬁﬂ ﬃ>$&A;,93ﬃO6&6/D3)8.,2+,./ROIXIZ[/ﬁ3ﬃ!"$,9ﬂ #8<3)!E



















































































































































































































&ﬃ(Kﬁ+!"$#!"uﬁ3ﬃ",2&6/§"R+&6!$w@X Z[/ﬁ3)!$",9ﬂM#893ﬃ!+E	uv`ﬂ+3)#ﬁﬀP&ﬃ(K",./c"+!S36ﬂ $,.&0/ﬁ E=,2/O682D3)!"$,9ﬂ 82



































Ac+/&6$r$!"#+,.O0+/ﬁ=S3)$ﬃ Eﬁ"ﬁ3ﬃ>,<o,2/ﬁﬂ 82#ﬁA;,./ROIv!""#R!"uﬁ3ﬃ",.:@^ﬂ &6!ﬀB












































































3ﬂ &08.82ﬃﬂ ",2:@Iﬂ4ﬁ3)!S36ﬂ $+!+X_&=&0/,9ﬂ%p&cA;ﬃ Ey/&6^A;,9$ﬂ #ﬁ$=ﬃAz,2/\"R,9GD3)ﬁ+!+E	ﬂM&6!"!$ﬃ=ﬁ&0/ﬁA\"&
$>#D=#ﬁ3ﬃ8F8<36=%p&6/ﬁ,2/;:@&08.:c,./ONﬁ3)!$",9ﬂM8. BY&6825+1Rﬂ ,.S3)",2&6/ﬁy8.&cﬂ+3ﬃ8.,.ﬃAr,./"f:c,9ﬂ ,2/,.ﬀwK&)("



















































































































%-&cAcﬃG+%p+!"O0 I"(*!$+-+82ﬃﬂ $!"&6/ &682,<Iﬂ &6#R8.ﬃA}"&}3P893ﬃ!"O0/c#%uﬁ+!K&)(q=43ﬃ"ﬃ
m
,<ﬂC A;&_/&0r,./c"!436ﬂM7"&0O6+$+!3)/ﬁAﬁ3+:@p3)/}+/+!$O6w}ﬂ &0%-ﬁ3)!S3)u82I"&_"D3)K&)(f$I#/;B


























ﬂ+3ﬃ89ﬂ #R893)$,.&0/ﬁ+!ﬀ(*&6!$%-ﬃA,2/=`ﬂ ",2&6/_¢E   






























































































































   	  











































































































































































































































































































































3ﬃ/ﬁAFE	,./\O3)#O0$+&0!",.` EO@3ﬃ#O6A;v/ﬁA;+/c+E	A;&@`r/&6ﬂ &0/;$!",2u#",./ "-R,.O6A;/ﬁ=,2=w
82,.%-,2+X!"ﬃﬀ#%_3)uR8.w},.
m






   	   





































































































































































































































































































































































































































































































































































  Z[% T ﬁH.dtgON5QYW  Z[% T ﬃH.dFgTN5Q[W













































































































 qd    RN





























































































































































































































































































































































































































































































































































































































































































































































































































































































































W5X y+",2"O6,2!43ﬃ!4AFE{  36$=,2:@z(*+!"%p,.&6/ A;,9ﬀﬁ+!4ﬀ,.&6/ !"+8<3)",2&6/ 3ﬃ

/,.$z$+%-ﬁ+!S3)"#R!"@E |
























































)W X B XR893),2+&6f3ﬃ/ﬁA_5XﬁZ=3ﬃ/ﬁﬂ #xEf#ﬁﬂ 8[X ;wR Xﬁ7Ec,./_!"`" X
T
º









































 KrX yX¦+$"+!3ﬃ/ﬁA X X 3)82ﬃﬂCL03cE




















X  IX  K3)8<36ﬀ,.L@&ﬃ:p3)/ﬁA IX IX  78.,.%p&):tE





































































































ﬂ &0/;$,./c##%E+$5&08. BY&0"&6/?ﬂ &6/c",2/;##R% 3ﬃ/ﬁAr"R5v&=,2"!"&0/;BY&6$&6/ﬂ &0/;$,./c##%Eﬃ3ﬃ/ﬁA3ﬃ!"
$7!"O6,.&0/ﬁ,./
m






























R,9ﬂ4,97!"ﬃﬀ"!$,9ﬂ $ﬃAPu;w$!"ﬃﬀ+/ﬁﬂ I&ﬃ(f"+1c"!S3?D3)!"$,9ﬂ 82
































































































































































































   

5/+!"O0wA;&6%_3ﬃ,./ﬁ
m
+!$$,2%_3)O0,./ﬁ3ﬃ!"w7ﬁ3ﬃ!"&ﬃ(t"%_36$]&0v!43)$&6!	,9x/&0/I:63ﬃ/,9ﬀ,./ROE
,2/$K8.,2%-,.a 

HY=+qJﬁX.HY7X

Q"Q4X
¢

